The relationship between neurotransmitter metabolite concentrations and measurements of ventricular size on CAT scans and pneumoencephalographs was investigated in 15 patients with severe affective disorder. An association was identified between reduced levels of plasma free tryptophan and ventricular enlargement, and also between raised ventricular CSF levels of 5 HIAA and ventricular enlargement.
The possible role of abnormal neurotransmitter function in affective disorders has received consider able attention. Recent animal (Bloxam & Curzon, 1978) and human data (Young et a!, 1976; Sullivan et a!, 1978; Gillman et a!, 1980) shows that plasma free tryptophan is low in depression. Tyrosine and homovanillic acid (HVA), the precursor amino acid and metabolite respectively of dopamine, are also of interest. There are findings that the 5HT precursor, trypto phan, in plasma and lumbar CSF, is reduced in patients with depressive disorders (Coppen et a! 1973; Bridges eta!, 1976; Riley & Shaw, 1976) . Also, the 5HT metabolite 5-hydroxyindolacetic acid (5 HIAA) is low in lumbar CSF of depressed patients (Ashcroft et a!, 1966 (Ashcroft et a!, , 1973 Coppen et a!, 1972; Van Praag & Korf, 1974; Asberg et a!, 1976) . Shaw et a! (1974) and Shaw (1976) found evidence that the concentration of tryptophan in the cells, the flush of tryptophan from the extracellular to the intra cellular space, and the turnover of this amino acid in the body are all reduced in depression.
Evidence from treatment studies supports the hypothesis that serotonergic function is altered in depressive illness. Parachlorophenylalamine, a drug causing decreased 5 HT synthesis, has been shown to produce a recurrence of depressive symptoms in patients who had recovered on treatment with tranylcypromine (Shopsin et a!, 1974) . A number of reports suggest that accumulation of the 5HT metabolite 5HIAA after administration of probene cid is decreased in the CSF of depressed patients.
Other studies have shown that the addition of the 5HT precursor tryptophan can potentiate both a monoamine oxidase inhibitor and the 5HT reuptake-blocking antidepressant any clomipramine (Glassman & Platman, 1969; Walinder eta!, 1976) . Further evidence for the role of abnormal 5HT function in depression has been provided by abnor malities in platelet tritiated imipramine bindingâ€"a receptor related to the 5HT uptake site (Briley et a!, 1980; Paul et a!, 1981 ). Other works have described a reduction of 5HT uptake in the platelets of depressed patients (Tuonista & Tukainen, 1976; Meltzer et a!, 1981) ; Asberg et a! (1976) have as sociated lower CSF 5HIAA levels with suicide.
Curzon et a! (1980) found a significant relationship between lumbar and ventricular tryptophan, and 5-HIAA concentrations; so that, measurement of plasma free tryptophan concentrations can be of value in giving an index of 5HT metabolism in the brain.
Banki et a! (1981) report that severely depressed patients with relatively high lumbar CSF concen trations of HVA had significantly higher scores for anxiety, insomnia, and agitation and significantly lower scores for fatiguability and retardation than a group with relatively low values. Post et a! (1978, 1980) reported that a dopamine agonist, piribedil, and a dopamine antagonist, pimozide, were bene ficial in depression and mania respectively. In the piribedil study (1978) series of neurological patients; (reliable normal values are obviously unobtainable). In neurological patients with restricted CSF flow, abnormally high HVA and 5-HIAA concentrations are often found (West eta!, 1972 We postulated that enlargement of the cerebral ventricles would be associated with alterations of monoamine metabolite levels as a concomitant of affective disorder.
Methods
Fifteen patients, six males and nine females, admitted for stereotactic subcaudate tractotomy, were studied. They were selected for operation according to the criteria of Bridges & Bartlett (1977) and Bridges et a! (1981) and formed part of a larger group on whom we have pre viously reported findings suggesting cerebral ventricular enlargement (Standish-Barry et al, 1982) .
All patients were free from physical illness and from non-psychiatric cerebral abnormalities; cognitive testing on routine clinical examination revealed no evidence of dementiaand allwere freeof psychotropic medication for two weeks prior to the operation. The mean age was 42.4 years (SD 11.9, range 28 to 66). All patients fulfilled the Research Diagnostic Criteria for major depressive disorder (Spitzer eta!, 1977 (1975) . The operation is always carried out under full anaesthesia; the patient's head is held in a standard pos ition, a burr hole is made immediately above the fronto nasal air sinuses on each side, and air injected into the anterior horn of the lateral ventricles through a canula, after removal of CSF. In this way, the anterior horns are visualised so as to facilitate calculations for the stereotactic placement of the small radioactive yttrium rods, which produce the lesions in the ventro-medial quadrants of thefrontallobes. Antero posterior and lateral radiographs are taken in a standard way, in order to monitor the siting of rods. The films of the ventricles are taken before placement of the lesion, which thus will not affect ventricular size, as measured.
A CAT scan is alwayscarried out pre-operativelyand pneumoencephalography during the operation; from the pneumoencephalographs, the Evans' ratio is recorded.
This is the ratio of the distance between the lateral extremi ties of the tips of the frontal horns of the lateral ventricles to the maximum internal diameter of the skull (Evans, 1942) . Within a few days of admission to the unit, each subject was examined by an EMI Cl' 1010 Head Scanner, all â€oe¿ slicesâ€• being parallel to the orbito-meatal line.
Photographs were made from the visual display. Using a Stanley Albrit planimeter, HSB measured the area of the ventricles showing the maximum ventricular area; the area of the ventricle was traced three times, and the average of these readings recorded. The internal area of the skull was measured in the same manner. A ratio of ventricular to internal skull area was then made (VSR) which gives a useful measure of ventricular size, and it has been shown to correlate well with computer derived 
Collection and analysis offluids
Prior to induction of anaesthesia, 15ml samples of blood were collected into heparinised tubes, centrifuged at once, and the plasma transferred to a tube, which was then flushed with 5% C02, tightly stoppered, and stored at â€"¿ 20Â°C. The ventricular CSF displaced during pneumo encephalography was collected after discarding the first 1â€"2 ml, if this was even slightly blood-stained. Debris was removed by centrifugation and the supernatant fluid was also stored at â€"¿ 20Â°C.
Plasma total tryptophan was measured as described by Bloxam & Warren (1974) , after diluting the plasma with water (1.1). Free (non-albuminbound) tryptophan was determined after removal of albumin bound tryptophan by ultrafiltration with pH control by the method of Bloxam et a!(1977) . Plasmanon-esterified fatty acids (NEFA) were determined by the method of Curzon & Kantanameni (1977) . 5 HIAA was determined in CSF by the method of Korf & Valkenburghâ€"Sikkema (1969) ,except that CO2 was initially passed through the CSF for a few seconds to prevent destruction of any traces of haemoglobin present; HVA was determined in CSF by a modification of the method described by Curzon et a! (1980) . Tryptophan and tyrosine were determined in CSF by the methods of Bloxam & Warren (1974) and Waalkes & Udenfried (1957) respectively.
Results
The mean Evans' ratio for the 15 patients was 29.9 (sdÂ±2.1; range 26 to 32); this was significantly greater than that (26.0) found by Synek et a! (1976) in a series of 15 normal subjects (t=5.07, P.<0.001). The mean ventricular skull ratio (VSR) for the entire sample was 12.0(sd2; range 8.6 to 16.5); this measure also increased with age, and the increase was statistically significant r= +.49, P<0.05. The mean plasma total tryptophan concentration was 7.7 @tg/ml (sdÂ± 1.4),with a range from 4.58 @tg/ml to 9.79jsg/ml.The mean plasma free tryptophan concentration was 2.8 @ig/ml (sdo.59), with a range from 1.74 @sg/ml to 4.03 @tg/ml. Gawler et a!(l976), who compared measurements of ventricular size on computed tomography and pneumoencephalography, found that measurements taken from the CAT scan photograph were all somewhat smaller than the equivalent dimensions taken from pneumoencephalograms. They also found that in 19 of their series of 78 patients, the findings differed quite considerably between the two methods. We have described different measurements of ventricular size on pneumoencephalography and CAT scans in more detail in a previous paper (Standish-Barry a a!, 1982) ; the patients in this series form a sub-group of that sample. Potkin et a! (1983) found that a group of schizophrenic patients with enlarged ventricles had significantly lower lumbar CSF 5HIAA concen trations, and also that ventricular size correlated inversely with 5HIAA concentrations. In contrast, 
P<0.0l). A positive and significant relationship was
also found between ventricular CSF 5HIAA and age (r= +0.55, P<0.0l). Holding for age, the partial corre lation was also significant. A positive relationship was found betweenVSR and 5HIAA, but this was not signifi cant. No relationship was found betweenventricular size and HVA in the CSF.
Discussion
There are two main findings in this study. The first is that free plasma tryptophan is apparently reduced in patients with enlarged ventricles, as demonstrated by an increased Evans' ratio on the pneumo encephalogram. Standish-Barry et a! (1982), Pearlson a a!(l984) and Jacoby & Levy (1980) have reported enlarged ventricles to be related to affec tive illness. It may be that whatever process is responsible for the abnormally enlarged ventricles is also associated with the reduction in free plasma tryptophan in these patients.
workers were included in the study by Potkin et a! (1983) , in which 24 schizophrenic patients were examined. Potkin a a! suggest that there may be an inverse relationship between CSF 5HIAA con centration and blood serotonin to account for these differences, but that the mechanism responsible for this is not clear. Nyback et a! (1983) described a significant negative relationship between sizes of the lateral ventricles and lumbar CSF 5HIAA and HVA levels in schizophrenic patients. These findings confirm those of Potkin et a!; however, Zhang & Yucun (1979) and Rimon et a! (1979) found no differences in CSF 5HIAA between schizophrenic patients with and without ventricular enlargement on pneumoencephalography.
Our findings suggest that there is a group of severely depressed patients who have enlarged cerebral ventricles, associated with raised CSF 5HIAA levels and lowered plasma free tryptophan levels. This suggests the possibility that turnover of 5HT is increased, which may tend to deplete free plasma tryptophan, whereas the more usual explanation is that reduced free plasma tryptophan results in a reduction of 5HT neurotransmission. There is evidence that the rate of 5HT synthesis is dependent on the brain tryptophan concentration, which is dependent itself on the plasma tryptophan concentration (Young & Seurkes, 1977) . As the majority of tryptophan (about 80%) is bound to plasma albumin, only about 20% is in a free form (McMenamy & Oncley, 1958; Moir, 1971) .
There has been considerable discussion as to whether the total plasma tryptophan or the free plasma tryptophan concentration influences brain tryptophan (Wurtman & Fernstrom, 1976; Curzon & Knott, 1974); Green (1978) concluded that free tryptophan played a major role in controlling brain 5HT metabolism. However, the matter is further complicated by the finding that only a very small proportion of tryptophan (2%) enters the brain, as the rest is metabolised in the periphery (Hagen & Cohen, 1966) . It has been suggested that increased activity of the enzyme tryptophan pyrrolase, which acts peripherally, would give rise to a greater metabolic rate in this pathway, with a consequent decrease in the amount of tryptophan available to the brain (Green & Costain, 1979) . The activity of tryptophan pyrrolase is increased by administration of tryptophan itself or of the steroids hydro cortisone and corticosterone (Knox & Auerbach, 1955) . Such changes could be of great importance in depression (Mandell, 1963; Curzon, 1965 Curzon, , 1969 , where one frequently finds altered corticosteroid metabolism, as evinced by the dexamethasone sup pression test. It has been shown that administration 389 VENTRICULAR SIZE AND CSF TRANSMITTER METABOLITE CONCENTRATIONS of hydrocortisone to rats increased tryptophan pyr rolase activity and decreased plasma tryptophan, with the probable consequence of decreasing brain tryptophan and 5HT concentrations (Green & Curzon, 1968; Green eta!, 1975) .
Cawley a a! (1973) have postulated that cerebral ageing might have a facilitating role for depression in late life, from suggestions in a study of barbitu rate tolerance and psychological functioning in elderly depressed patients. Hendrickson et a! (1979) found a significant delay in the auditory evoked response (AER) of a group of elderly depressives, compared to matched controls which lends support to this suggestion. This delay did not return to the control level after treatment; the changes were similar, though somewhat less severe to those found in senile dementia. A study by Holder et a! (1980) looked at the relationship between brain neuro physiological activity and transmitter amine con centrations in ventricular CSF. They used pattern visual evoked potentials (PVEP) to measure brain neurophysiological activity, finding a positive cor relation between ventricular HVA concentration and PVEP latency and also between ventricular 5HIAA concentration and PVEP amplitude, which indicated a positive association between the physio logical responsiveness of the brain to visual simu lation and release of the parent transmitter amine to receptors. These workers further suggested that visual evoked cortical potentials could be influenced by 5HT or dopamine (DA) containing neurones in regions involved in the transmission of visual impulses, situated near the ventricles (Ternaux et a!, 1977; Ungerstedt, 1971; Bodis-Weliner & Yahr, 1978) . A study by Jacoby et a! (1983) found that nine elderly depressed patients with enlarged cer ebral ventricles, as defined by a neuro-radiologist, had lower mean Hounsfield units (indicating reduced brain tissue density) than a group of depressed patients with normal ventricles. It is possible that this reduction in brain tissue density, associated with ventricular enlargement, may cause loss of 5HT and DA containing neurones, thus causing alterations in the levels of their metabolites in the ventricular cerebrospinal fluid, as in the pres ent study, as well as altered neurophysiological responsiveness, as mentioned above. This reduction in brain tissue density may also predispose to alter ations in evoked responses in elderly depressed patients, as described by Hendricksen et a! (1979) . One might expect that loss of 5HT and DA neurones in periventricular areas might result in a fall rather than a rise in metabolite levels, in associ ation with ventricular enlargement. The apparent increase in ventricular CSF 5HIAA levels in this study in association with ventricular enlargement through possibly different mediating biogenic path may be explained by a compensatory increase in ways, such as those described briefly above. It may amine production by the remaining 5HT and DA represent an index of severity of illness, and reflect neurons to maintain a homeostatic system. the poor or failing response to previous treatment As ventricular enlargement is found in both shown by this group of patients. schizophrenia and affective disorder, it may be that it is associated with a predisposing factor of a Acknowledgement non-specific kind leading to the onset of the illness, We are most grateful for help to Professor G. Curzon. 
